ABSTRACT Ixodes scapularis Say, the blacklegged tick, vectors Borrelia burgdorferi Johnson et al. 1984 , the bacterium that causes Lyme disease, the most important vector-borne disease in the United States. Efforts to reduce I. scapularis populations are shifting toward the development of biological control methods. Currently, only a few entomopathogenic fungal species are considered virulent to ticks. We hypothesized that these species may not represent the most abundant local taxa that would be pathogenic to ticks in situ. To identify potential entomopathogenic fungi at a study site in Westchester County, New York, we sampled soils and ticks, extracted and ampliÞed the internal transcribed spacer region of nuclear ribosomal DNA (nrDNA), and compared sequences with those in GenBank. Over three sampling periods from June 2007 to May 2008, 70 fungal taxa were isolated and identiÞed from soils (48 taxa) and ticks (27 taxa; 5 taxa were found both in soil and on ticks) collected in this study, encompassing species in 25 different genera. In laboratory bioassays, 15 fungal taxa were found to be signiÞcantly virulent, although none of these were previously considered common pathogens of I. scapularis. Two species, Hypocrea lixii Patouillard 1891 and Penicillium soppii K. M. Zalessky 1927, were tested in Þeld trials by spraying suspensions on forested plots. Mean tick mortality was 71% after treatment with H. lixii, 58% after treatment with P. soppii, and 32% in the control plots. The complete diversity of entomopathogenic fungal species at this site is yet to be deÞned, but, in general, such fungi appear to be more common in forest habitats where I. scapularis resides than previously thought. Examination of intact fungal communities can provide information that serves as the foundation for site-speciÞc biocontrol programs.
Ixodes scapularis Say, the blacklegged tick, transmits the bacterium Borrelia burgdorferi Johnson et al. 1984 , the causative agent of Lyme disease (Burgdorfer 1984) , the most prevalent vector-borne disease in the United States (CDC 2007) . Standard methods of reducing I. scapularis populations involve pesticides, despite known disadvantages such as harmful effects to nontarget invertebrates (Schulze et al. 2001) , evolution of pesticide resistance (Roush 1993) , and potential environmental pollution through their accumulation in water, air, and soil (Wilson and Deblinger 1993) . As an alternative to chemical pesticides, biological control strategies have included the use of tick parasitoids (Mwangi et al. 1997 , Hu et al. 1998 , insectivorous birds (Duffy et al. 1992) , and entomopathogenic nematodes (Samish and Rehacek 1999) to control I. scapularis populations. However, these biocontrol agents have demonstrated limited efÞcacy in controlling tick populations (Ostfeld et al. 2006; Stafford et al. 1996 Stafford et al. , 2003 Samish and Rehacek 1999) .
More recently, entomopathogenic fungi have proven to be successful biocontrol agents of I. scapularis (Benjamin et al. 2002 , Kirkland et al. 2004 ). However, the efÞcacy of entomopathogenic fungi against ticks depends on their infection potential and ability to survive for periods of time in soil under varying environmental conditions. For infection to occur, conidia must adhere to and penetrate the cuticle through a combination of mechanical pressure and the release of enzymes, including proteases, chitinases, and lipases (Freimoser et al. 2003) . The arthropod is then killed as a result of mechanical damage, nutrient exhaustion (Hajek and St. Leger 1994) , or secondary metabolites produced by the fungi (Gillespie and Claydon 1989 , Vilcinskas et al. 1997 , Strasser et al. 2000 . Fungal growth, survival, and infection potential are inßuenced by temperature (Hallsworth and Magan 1999) , soil moisture (Lingg and Donaldson 1981) , and relative humidity (Fargues and Luz 2000) .
Because fungal growth and infection potential vary with environmental conditions in the laboratory, it is likely that seasonal weather patterns affect fungal species composition and their pathogenicity to I. scapularis in the Þeld.
A number of fungal species occurring naturally in soil are known to be pathogenic to ticks, including Beauveria bassiana (Balsamo-Crivelli) Vuillemin 1912, Metarhizium anisopliae (Metschnikoff) Sorokin 1883, Paecilomyces fumosoroseus (Wize) A. H. S. Brown & G. Smith 1957 (Kalsbeek et al. 1995 , Tuininga et al. 2009 ), Paecilomyces farinosus (Holmskjold) A. H. S. Brown & G. Smith 1957 (Samsinakova et al. 1974 , Tuininga et al. 2009 , and Lecanicillium (formerly Verticillium) lecanii (Zimmermann) Zare and Gams 2001 (Samsinakova et al. 1974 , Zhioua et al. 1999 , Tuininga et al. 2009 ). M. anisopliae, for example, has been shown to be lethal to female and larval I. scapularis, and its efÞcacy under Þeld conditions seems promising (Zhioua et al. 1997 , Benjamin et al. 2002 . However, the majority of studies investigating the virulence of entomopathogenic fungi have been conducted in the laboratory under ideal conditions for fungal growth, whereas little is known about how these fungi may regulate tick populations in nature (Kaaya 1992, Samish and Rehacek 1999) . Furthermore, because Ͼ700 species of fungi have been identiÞed as insect pathogens (Roberts and Humber 1981) , it is likely that additional species of fungi are pathogenic to ticks and could provide effective management of I. scapularis populations.
In this study, we sought to describe the fungal community indirectly (in soils) and directly (on ticks) associated with I. scapularis at our study site to gain a better understanding of which species might be pathogenic. Such data might then be useful in devising a biological control strategy for I. scapularis. To assess virulence of these potential biocontrol agents, we conducted a series of bioassays in the laboratory, as well as a Þeld trial to determine whether species found to be virulent in the laboratory would also be effective in situ. These data represent the Þrst attempt to characterize the breadth of fungal species that may be important in controlling I. scapularis populations in nature as well as indicating potentially important biocontrol agents.
Materials and Methods
Overview. To survey soils and ticks for fungi present in spring and fall, when I. scapularis nymphs and adults are active, respectively, soils and drag-sampled ticks were collected on 15 June 2007 , 30 October 2007 , and 28 May 2008 . Samples were plated on media supporting fungal growth and subsampled until pure cultures were obtained. DNA was extracted from all pure cultures, and the internal transcribed spacer (ITS) region of the nuclear ribosomal repeat was sequenced to identify the fungi. Bioassays were performed to determine which fungal species were pathogenic to nymphal I. scapularis. Two fungal species were used in a Þeld study in July 2008 to determine pathogenicity to nymphal I. scapularis under natural conditions. (Hill et al. 1980) . Soil Collection and Fungal Isolation. Soil samples were collected from 25 1-m 2 subplots in a 25-m 2 plot (see above for sample dates) adjacent to a long-term permanent grid known to contain ticks (Daniels et al. 2000) . Five soil subsamples, collected from the top 5 cm of soil, were taken per subplot and homogenized in a plastic bag. Soil samples were diluted 1/100 in a potassium phosphate buffer solution, and a 100-l aliquot was plated on half-strength potato dextrose agar (PDA) plates containing antibiotics, following Tuininga et al. (2009) . Plates were incubated at room temperature and checked daily until noticeable fungal growth occurred, at which point fungal colonies were transferred to individual 60 mm ϫ 15-mm halfstrength PDA plates until pure cultures were obtained.
Tick Collection and Fungal Isolation. The 25-m 2 plot described above was used for tick collection, as was an adjoining 25-m 2 plot. The 50 1-m 2 subplots were drag sampled for questing ticks using a 0.5 m ϫ 1-m white ßannel cloth. A separate sterile cloth was used for each 1-m 2 subplot to ensure that fungal spores would not be carried from one subplot to the next. Each tick found was removed from the ßannel cloth with forceps that were surface sterilized with 70% ethanol to prevent movement of spores and hyphae from one tick to another. This procedure allowed us to maintain independence of fungal communities associated with each sample. Ticks were temporarily stored individually in sterile 2.0-ml microcentrifuge tubes capped with sterile nylon mesh to allow air exchange. The tubes were collectively stored in sealed plastic bags with moist towels to prevent desiccation of the ticks until processing. Within 48 h of their return to the laboratory, ticks were streaked on modiÞed half-strength PDA plates (100 mm ϫ 15 mm) with antibiotics, one plate per tick, using sterile forceps (Tuininga et al. 2009 ). Plates inoculated from ticks were subsampled in the same manner as the soil plates described above, to obtain pure cultures.
Molecular Processing of Pure Fungal Cultures. DNA was extracted from pure cultures using a MoBio (Carlsbad, CA) Soil Ultra Clean DNA Extraction kit, according to the manufacturerÕs instructions. In the case of multiple morphologically similar cultures, DNA was extracted from at least two (with an average of Þve) plates. The ITS region of DNA was ampliÞed by polymerase chain reaction (PCR) using universal fungal primers (forward ϭ ITS-1 F [CTTGGTCA-TTTAGAGGAAGTAA] [Gardes and Bruns 1993] ; reverse ϭ ITS-4 [TCCTCCGCTTATTGATATGC] [White et al. 1990] ). The PCR protocol was as follows: an initial denaturation at 94ЊC for 2 min, 15 cycles with 30 s each of denaturation at 94ЊC, annealing at 68ЊC, decreasing 1ЊC per cycle until 54ЊC, and extension at 72ЊC, 21 cycles with the above speciÞcations and a maintained annealing temperature of 54ЊC, and a Þnal extension at 72ЊC for 2 min. PCR products were sent to Functional Biosciences (Madison, WI) for sequencing using ABI Big Dye chemistry. Forward and reverse sequences were visualized and aligned using Sequencher 4.8 (Gene Codes, Ann Arbor, MI). A maximum of three mismatches was allowed and retained as an unknown base in the alignment sequence. In the few cases in which an alignment was not formed, a forward or reverse sequence containing well-resolved bases was used to identify the culture.
Sequences with between 200 and 600 bp were queried against National Center for Biotechnology Information GenBank using BLAST (blastn), and species or genus level identiÞcation of each culture was determined based on a minimum of 97% sequence similarity (Parrent et al. 2006) . For isolates that were identiÞed to genus, sequences were aligned using Clustal X2 (PlateForme de Bio-Informatique, Strasbourg, France), and if sequences within the same genus differed by Ͼ3%, they were included as separate taxa. Additionally, all sequences from isolates identiÞed to genus were aligned with sequences in GenBank to create neighbor-joining trees using PAUP* 4.0 (Sinauer Associates Publishers, Sunderland, MA). The taxonomic identities for the sequences in question were designated as the nearest neighbor, based on a phylogenetic tree accepted with a minimum bootstrap value of 70%. All unique sequences from the identiÞed fungal isolates were submitted to GenBank (accession FJ861373ÐFJ861470).
Bioassays. Six laboratory bioassays were conducted between 30 April and 15 August 2008 to assess the virulence of fungal cultures isolated from ticks and soils. From the species chosen, cultures were selected for the assay based on colony growth (extensive and equal surface coverage of the plate). For each culture, multiple plates were used to obtain 10 cores, one for each replicate tick. The cores were taken from each plate with a 4.5-mm-diameter sample corer (Fisher ScientiÞc, Pittsburgh, PA) sterilized with 70% ethanol and ßamed between each use. Cores were handled with ßamed forceps, and each tick was gently rubbed on the surface of a given core. Ticks then were immediately placed into individual microcentrifuge tubes capped with sterile nylon mesh to allow for air exchange. Control ticks were placed in microcentrifuge tubes without being exposed to cultured fungi. Ten ticks per fungal treatment and 10 control ticks were incubated at room temperature for 2 wk in humidity chambers kept at 100% RH. During this time, mortality was assessed daily, and ticks were considered dead when they did not respond to movement of the tube or introduction of CO 2 (exhaled breath) into the tube. All nymphal I. scapularis used in the bioassays were collected at the Calder Center by drag sampling, where ticks adhering to a 1-m 2 white corduroy cloth dragged along the ground and vegetation (Daniels et al. 2000) was removed and held until testing.
Field Trial. Field assays to determine virulence of laboratory-conÞrmed entomopathogenic fungi were conducted between 15 and 30 July 2008, during which the mean maximum temperature was 29ЊC, the mean minimum temperature was 21ЊC, the mean relative humidity was 67%, and the total precipitation was 2.7 cm (Weather Underground 2008) . In addition to their demonstrated virulence, two species, Hypocrea lixii Patouillard 1891 and Penicillium soppii K. M. Zalessky 1927, were selected for Þeld trials based on Þve criteria, as follows: 1) fungi were identiÞed to species and not simply to genus; 2) fungi were relatively easy to culture; 3) spores were morphologically suitable for spray application (i.e., did not have abundant aerial hyphae surrounding the spores); 4) spores were found in more than one season, thus increasing the likelihood that they would be effective against more than one tick stage throughout the year; and 5) fungi were not known to be plant pathogens that might pose an environmental risk.
Thirty 1-m 2 plots were established at the site described above with a minimum of 2 m separating adjacent plots. Before treatment, all plots were dragged with a 0.5 ϫ 1-m white ßannel cloth to quantify pretreatment tick numbers. All ticks recovered on the cloth were returned live to their respective plots. Clothing was also checked after dragging each plot to avoid transferring ticks from one plot to another.
After plots were dragged, Þve previously collected nymphal I. scapularis were added to each of 60 survival cages. For each of the 30 plots, two cages containing ticks were inserted a minimum of 5 cm into the ground. Cages were constructed from tin-coated steel cans (6.5 cm diameter ϫ 9.5 cm height) with the bottom and top of the can removed. The top of the can was covered with a nylon mesh bonnet (amber lumite screening, BioQuip, Rancho Dominquez, CA) Ϸ15 cm high. Mesh bonnets were used to allow liquid to penetrate the cage and expose ticks to natural environmental conditions, but the screen was small enough to keep ticks conÞned (Daniels et al. 2000) . Because two different screen sizes (32 versus 52 nylon threads per inch) were used to construct survival cages, both of which prevented ticks from escaping, the Þrst 20 plots were assigned cages with the larger-sized mesh and the last 10 plots had cages with the smaller mesh size. Plots then were randomly selected to receive either one of two fungal treatments or a water spray that served as a control (n ϭ 10). Subsequent analyses conÞrmed that there were no effects of mesh size on treatment results (StudentÕs t tests: control, t ϭ 0.805, df ϭ 17, P ϭ 0.432; H. lixii, t ϭ 0.424, df ϭ 16, P ϭ 0.577; P. soppii, t ϭ 1.838, df ϭ 17, P ϭ 0.084).
To prepare fungal suspensions, spores, scraped with a sterile scalpel from the surface of cultures growing on half-strength PDA plates, were immediately combined with tap water, and the resultant solutions were mixed at 1,000 rpm for 10 min on a magnetic stir plate (Corning Life Sciences, Lowell, MA). Because spores dispersed easily and remained dispersed in water after mixing, there was no need for addition of any agents to maintain dispersion. Spore concentrations were determined by direct count using an improved Neubauer hemacytometer (Hauser ScientiÞc, Blue Bell, PA). Ten treatment plots were sprayed with a H. lixii suspension (1.3 ϫ 10 7 spores/ml) and 10 treatment plots with a P. soppii suspension (1.1 ϫ 10 7 spores/ml). An additional 10 control plots were sprayed with tap water. Plots were treated using a backpack sprayer (Solo, Newport News, VA) that sprays a mist Ϸ0.5 m wide. To ensure even coverage of plots, including survival cages, fungal solutions or water (control plots) was applied at Ϸ40 ml m Ϫ2 . After 2 wk, each survival cage was removed from the plot along with the Ϸ5-cm core of soil within the metal cage base, placed into a plastic bag, labeled, and sealed. All cages were brought to the laboratory, examined to conÞrm that no openings in the bonnet allowed ticks to escape, disassembled in a clean pan, and checked for the presence of any live ticks remaining. All ticks not found were assumed dead (Daniels et al. 2000) . The number of ticks alive per cage was averaged per plot and used to calculate mean percentage of mortality for each treatment regimen. Mortality per treatment was compared with that on control plots.
Statistical Analyses. Data from the six laboratory bioassays were analyzed using the log rank test, a nonparametric method that provides a pairwise comparison of survival curves of each treatment to the control, takes into account the entire period of survival, and is especially appropriate for censored observations (Bland and Altman 2004) . In this study, all data were right censored because 100% mortality was not achieved by the termination of the experiment. Log rank tests were performed using Statistix 9.0 (Statistix 2008 ). An ␣ level of 0.05 was used for all analyses.
The data from the survival cages were arc-sine transformed and tested for normality and homogeneity of variances (LeveneÕs test, P Ͼ 0.05). An analysis of variance was performed to assess differences in mortality among control and treatment plots, and TukeyÕs honestly signiÞcant differences post hoc test was performed to establish differences between treatments for signiÞcant analysis of variance results. Because the number of ticks found in the Þeld trial by drag sampling did not follow a normal distribution, differences among plots were analyzed with a nonparametric Kruskal-Wallis test. All Þeld study statistics were performed using JMP 7 (SAS Institute 2007). An ␣ level of 0.05 was used to determine signiÞcance.
Results
Fungal Identification. In all, 70 fungal taxa were isolated and identiÞed from soils and ticks collected in this study, encompassing species in 25 different genera. From 75 soil samples, 25 from each of three sample dates, 48 taxa of fungi were identiÞed. A total of 31 fungal taxa was isolated and identiÞed from soils and ticks sampled in May 2008, a time of year when nymphal I. scapularis are becoming abundant and adults reach one of their two annual peaks in abundance (Falco et al. 2008) . In June 2007, 33 fungal taxa were isolated and identiÞed at the time of year when nymphal I. scapularis abundance generally peaks (Falco et al. 2008) . In October 2007, 39 fungal taxa were isolated and identiÞed from soils, when adults are most abundant (Falco et al. 2008) .
From the nine and 10 nymphal ticks collected in June 2007 and May 2008, respectively, 27 fungal taxa were identiÞed; no ticks were collected in October 2007. Five genera were identiÞed that were present on all three soil sample dates as well: Hypocrea, Mortierella, Mucor, Penicillium, and Trichoderma. Sixteen genera of fungi were identiÞed that were present in soils or on ticks in both seasons in which ticks were collected: Cephalosporium, Cladosporium, Colletotrichum, Discosia, Fusarium, Lambertella, Mucor, Paecilomyces, Paraconiothyrium, Penicillium Bioassays. Forty-two assays were conducted with 35 fungal isolates (Þve isolates were assayed twice, and one isolate was assayed three times). Of the 35 isolates tested, 27 isolates were cultured from soils and eight from ticks. Of the 27 fungi isolated from soils, 16 (59%) isolates, representing 11 species, were found to be signiÞcantly more virulent than the controls (Table 1) . Of the eight different fungi isolated from ticks, four (50%) were found to be signiÞcantly virulent ( Field Results. Mean percentage of tick mortality determined from survival cages was 71% after treatment with H. lixii, 58% after treatment with P. soppii, and 32% in the control plots (Fig. 1) . Therefore, mean tick mortality in H. lixii-treated and P. soppii-treated plots was 39 and 26% higher than the control plots, respectively (F ϭ 7.77, df ϭ 2, P ϭ 0.002). There were no signiÞcant differences among plots in the number of ticks drag sampled before treatments were applied (H ϭ 2.15, df ϭ 2, P ϭ 0.342).
Discussion
In this study, 48 fungal taxa were isolated and identiÞed from soils, and 27 fungal taxa were isolated and identiÞed from Þeld-collected nymphal I. scapularis. However, of those taxa isolated in this study, only one of the common entomopathogenic species from the genus Paecilomyces, P. lilacinus, was identiÞed. Surprisingly, B. bassiana, M. anisopliae, and other Paecilomyces spp. were not isolated in this study despite their broad distribution in soils (Brownbridge et al. 1993 , Vanninen 1996 , Bidochka et al. 1998 , Ali-Shtayeh et al. 2002 , Keller et al. 2003 , Tuininga et al. 2009 ) and reported association with ticks (Samsinakova et al. 1974 , Kalsbeek et al. 1995 , Benoit et al. 2005 , Tuininga et al. 2009 ). Additionally, species of the genus Lecanicillium are common entomopathogenic fungi that were not isolated during this study, but had been found on I. scapularis previously at this site (Tuininga et al. 2009 ). Further work will determine whether these well-known entomopathogenic species are, in fact, rare at this site or occur only at speciÞc times throughout the year, and will help to clarify the role that they might have in regulating I. scapularis populations.
To investigate the virulence of locally isolated fungi, species used in the bioassays were previously reported to be virulent toward insects, acarids, or plants ( Samsinakova et al. 1974 , Nentwig and Prillinger 1990 , Kalsbeek et al. 1995 , Streekstra 1997 , Dhingra et al. 2002 Percentage mortality of ticks is based on the number of ticks that died of the 10 replicate ticks in each trial. *, Species name in bold signiÞes P Ͻ 0.05 based on log rank test. Percentage mortality of ticks is based on the number of ticks that died of the 10 replicate ticks in each trial. *, Species name in bold signiÞes P Ͻ 0.05 based on log rank test. Fig. 1 . Mean tick mortality (%) per cage per plot per treatment, determined 2 wk after exposure to each treatment or control (mean Ϯ 1 SE). Mortality (%) was calculated by averaging the percentage of nonsurviving ticks per cage for each plot, and then Þnding the mean for all plots within a given treatment or control (n ϭ 10). Different letters indicate means that are signiÞcant different at P Ͻ 0.05 based on TukeyÕs honestly signiÞcant differences test for multiple comparisons. Abdel-Baky and Abdel-Salam 2003 , Da Costa et al. 2003 , Balogun and Fagade 2004 , Hoff et al. 2004 , Larena et al. 2004 , Kubicek et al. 2008 , Tuininga et al. 2009 ). Of the 35 isolates chosen for testing against live nymphal I. scapularis, 16 were found to be signiÞcantly more virulent than controls (Tables 1 and 2) . Additionally, 59% of all isolates tested from the fungal genera Mortierella, Mucor, Penicillium, and Trichoderma (and its teleomorph, Hypocrea) were found to be virulent (Tables 1 and 2 ). These genera were isolated from all three sample dates, indicating that they may be adapted to a wide range of environmental conditions, including natural ßuctuations of RH and temperature, two of the most important variables affecting survival and infection potential of fungi (Hallsworth and Magan 1999) . Based on these results, the most effective fungal species, or suite of species for biocontrol of I. scapularis, might be those fungi isolated from soils at multiple times during the year.
Of the 24 species present in multiple sampling periods, only Penicillium species were isolated and identiÞed from both soil and ticks during all three sampling dates. Although not commonly considered entomopathogenic, one species of Penicillium caused as much as 80% mortality of grasshoppers in the laboratory (Balogun and Fagade 2004) . Because of both their prevalence and potential pathogenicity, 11 Penicillium isolates were used to inoculate I. scapularis in virulence assays; four isolates from soils and one isolate cultured from a Þeld-collected tick were found to be virulent (Tables 1 and 2 ). Of particular interest was P. soppii, which was signiÞcantly more virulent than the controls in all three assays in which it was tested, resulting in 60% tick mortality, on average (Table 1) .
In bioassays using eight fungi isolated from ticks, half of the species were found to be virulent (Table 2) . Although it is tempting to identify these species as particularly important potential biocontrol agents, it is likely that the most effective entomopathogenic species will be found in soil, not associated with ticks collected in the Þeld. For example, P. soppii was found in soils on multiple sampling dates and was highly virulent to ticks in the laboratory, yet we were unable to Þnd it on Þeld-collected ticks. Similarly, H. lixii was isolated from soils collected on all three sample dates, but was never found on ticks. The virulence of H. lixii was conÞrmed in laboratory bioassays, inducing an average of 43% mortality in the three assays in which it was tested (Table 1) .
Local isolates of H. lixii and P. soppii proved to be a signiÞcant source of nymphal mortality in the Þeld portion of this study, as well. SigniÞcantly higher mortality was observed in H. lixii-treated (71%) and P. soppii-treated (58%) plots than in control plots (32%). These levels of mortality were higher than those in other Þeld studies where vegetation was sprayed with fungal solutions. Benjamin et al. (2002) reported 53% mortality of I. scapularis adults 4 wk after their plots were sprayed with an aqueous suspension of M. anisopliae. Kaaya et al. (1996) reported 64 and 36% mortality of Rhipicephalus appendiculatus treated with an aqueous solution of M. anisopliae and B. bassiana, respectively. However, those studies used either drag sampling or direct counts of ticks to assess tick mortality, not survival cages as in the current study. ConÞnement in cages allowed us to determine the fate of each tick exposed to fungi and, therefore, more accurately calculate mortality. Data from this study suggest that local isolates of entomopathogenic fungi may be at least as effective as commercially available strains of M. anisopliae and B. bassiana and, in areas where these two species are uncommon, local species may be more appropriate in biocontrol efforts.
The temporal survey of fungi performed in this study provides baseline information for developing a biocontrol strategy that will most closely mimic natural processes for tick population regulation. Clearly, a number of fungal species have the potential to infect I. scapularis at this site for much of the year. More frequent samples taken over shorter time periods will provide a better view of both the variety of potential entomopathogenic fungal species a tick must contend with and seasonal patterns of entomopathogenic species abundance that may be correlated with the activity of particular tick life stages. Furthermore, the possibility that two or more fungal species act in a complementary (i.e., are active at different times or under different environmental conditions within a particular range) or synergistic manner highlights the value of examining intact fungal communities to determine potential controls on tick populations in nature. Additional work is needed to conÞrm and better quantify the level of virulence of the species we have identiÞed as entomopathogenic. Subsequently, such information may provide the foundation for an effective biocontrol program that is site speciÞc.
